



















































でに、マロンジアルデヒドの新規定量法(Biochim. Biophys.Ada, 1045, 1990)やビ






























































平成13年度 1,50 0 1,50
平成14年度 60 0 60
平成15年度 70 0 70
総計 2,80 0 2,80
研究発表
(1)学会誌等
1) Y. Yamada, K. Kajiwara, M. Yano, E. Kishida, Y. Masuzawa, S. Kojo.
Increase of ceramidesanditsinhibitionbycatalasedunngchemicallyinduced
apoptosis of HL60 cells determined by electrospray lonization tandem mass
spectrometry, Biochimica et BiophysicaActa, 1532, 115 - 120, 2001年9月
2)岸田恵津、田尻美千子、矢埜みどり、増澤康男
栄養因子によるTNF誘導アポトーシスの制御:ドコサヘキサエン酸と抗酸化



















Effects of Seasonings on the Stability ofAscorbic Acid in a Cooking Model System
Summary
The thermolability of ascorbic acid (AA) in aqueous solution at 100 C was assessed in
the presence of various seasonings commonly used in Japanese style cooking. A model
system approximated Japanese cooking with regard to the concentrations of AA and
seasonings and the heating time. The decrease of AA in the reaction system of this
experiment was a first-order reaction with respect to the concentration of AA loss.
Although kinetic constants for AA loss decreased with increasing concentrations of AA
(25 - 400けg/ml), the absolute amounts degraded were almost the same for all AA
concentrations, suggesting that dissolved oxygen is one of main factors affecting the
stability of AA solutions during heating at 100 ℃. When each seasoning was added to AA
solution, salt stabilized AA and Japanese alcohol-containing admixtures, such as sake and
sweet sake (mirin), did not have a significant effect on the stability. Conversely, soy sauce.
miso (fermented soybean paste) and broth powder from skipjack accelerated the decrease
of AA in a concentration-dependent manner. The kinetic study suggested that oxygen was
rapidly consumed and AA loss accelerated by addition of soy sauce or miso to AA
solution. Consequently it is likely that a reaction mechanism shifts from aerobic to
anaerobic reaction and the forward reactions proceed. Of the constituents of Japanese
seasonings, not only iron but also amino acids are involved in the acceleration of AA
degradation. The presence of amino acids should be taken into account when considering
the levels of AA in soups.
Key words: Ascorbic acid, Seasoning, Soy sauce, Salt, Amino acid
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Introdu ction
L-Ascorbic acid (AA), known as vitamin C, is widely distributed in both foods and
biological systems. It is generally accepted that AA possesses antioxidant properties and
is used in the food industry to delay oxidation. Moreover, antioxidant nutrients play a
beneficial role in maintaining human health (1, 2). However, AA is a typical heat-
sensitive nutrient and is easily oxidized. The degradation processes of AA are very
complex and involve a number of oxidation/reduction and intermolecular rearrangement
reactions. Numerous studies investigating the instability of AA during storage and
thermal processing have been reported (3 - 8). However, these studies have been
conducted in model systems at high AA concentrations (9 - 11), which do not reflect the
degradation pattern during the usual cooking processes.
Vegetables are an important source of vitamin C. Boiling vegetables is one of the
popular cooking methods in Japan, because it is possible to reduce the volume of
vegetables and to eat more than just raw vegetables. Since AA is dissolved in the water
phase when vegetables are boiled, it is recommended to have the soup. Moreover, various
kinds of seasonings, such as salt, soy sauce and sake (rice wine), are added for taste.
However, it is not known whether AA remains stable in soup or not.
The purpose of our study was to evaluate the stability of AA in a complex system such
as cooking. As the first step of the study, a model system, which approximated Japanese
cooking with regard to the concentrations of AA and seasonings, was applied. Soy sauce,
miso (fermented soybean paste), broth powder from skipjack, salt, sake and sweet sake
(mirin) were used as seasonings.
A recent report showed that dehydroascorbic acid (DHAA), orally administered into
mice, showed very low vitamin C activity, and the determination of both AA and DHAA
was recommended (12). Therefore post-column HPLC was used to separate AA and
DHAA according to the method by Yasui and Hayashi (13). Results obtained using this
HPLC method were in agreement with those using a specific and sensitive method
reported previously (14).
Our data indicated that, among seasonings tested, soy sauce, miso (fermented soybean
paste) and broth powder from skipjack accelerated the degradation of AA in a
concentration-dependent manner. Of the constituents of Japanese seasonings, not only




L-Ascorbic acid (AA) was purchased from Wako Pure Chemical Co. Ltd. (Osaka,
Japan), and dehydroascorbic acid (DHAA)from Aldrich Chemical Co. (Milwaukee, WI).
The seasonings used were commercially available. Soy sauce (Higashimaru and
Kikkoman), miso (Takeya), sake (Kamiyui-Shuzo), mirin (Hinode) and broth powder
from skipjack (Ajinomoto) were obtained from local sources in Japan. Other chemicals
were of reagent grade.
Preparation of experimental model systems
AA was dissolved in deionized water and aqueous AA solutions were prepared on the
day of use. A2 ml solution of AA (25 - 400 μg/mL) was placed in a glass test tube (16 x
100 mm) with a screw cap, and the solution was heated in a water bath at 100 ℃.
Heating time was set within 30 min, which approximated practical cooking process. After
heating, the reaction mixture was quickly cooled in an ice bath and 20% meta-phosphoric
acid (1 mL) and 20 mM EDTA (ethylenediaminetetraacetic acid, 1 mL) were added to the
solution. The mixture was centrifuged or filtered through a syringe filter (0.45μm) for
HPLC. The reaction mixture was kept in a freezer at -85 ℃ before HPLC analysis.
For investigating the effects of seasonings on the stability ofAA,each seasoning was
added to the AA solution (50 or 100 μg/mL) and the total volume of reaction mixture was
adjusted to 2 raL AA concentration was determined from the amount generally used in
cooking as follows: when potato (50 g), tomato (30 g), onion (40 g), carrot (20 g) and
celery (20 g) per one person are used, the totalAAcontent in foods is about 30 mg
calculated from standard tables of food composition in Japan. If all of the AA is dissolved
in 150 mL of soup, the AA concentration in the soup is approximately 200 μg/mL. The
concentration of each seasoning used was also determined from its concentration when
used in cooking, and various levels were also examined. The final concentrations of sake,
sweet sake (mirin), soy sauce, raiso, broth powder and salt generally used in cooking are
approximately 5%, 5 - 10%, 5 - 20%, 10%, 0.5%, and 1%, respectively.
To study the influence of pH on the stability of AA, the pH of the solution was adjusted
to 5 and 6 by the addition of sodium phosphate and 0.1 M phosphate buffer, respectively.
Analysis ofAA and DHAA
AA and DHAA were simultaneously analyzed by HPLC with post-column conversion
according to the method ofYasui and Hayashi (13) with slight modification. Briefly,
HPLC was performed using a Shimadzu system equipped with a size exclusion column
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(Shim-pack SCR-101N). Elution was at a flow rate of 1.0 mL/min with 10 mM oxalic
acid containing 1 mM EDTA(pH 3.8) at 40 C. Post-column reaction was with 100 mM
sodium hydroxide containing 50 mM sodium borohydnde at a flow rate of 0.5 mL/mm
and the detection was at 300 nm. Commercial DHAAwas unsuitable for use as a standard
because it contains significant amounts of impurities (15) and DHAA is gradually
decomposed even if stored in a freezer. To analyze DHAA exactly, the purity of DHAA
was assessed using a method reported previously (14).
Data analysis and determination of kinetic parameters
All results were obtained from at least three independent experiments, and the means
were calculated. The standard deviation was shown with bars in figures, when necessary.
All statistical analyses were carried out using SPSS (version 11.5; SPSS Inc, Chicago, IL)
software. Significance of differences was defined as p < 0.05.
Reaction order was determined by plotting the natural logarithm of AA concentration
versus time for a first-order reaction; the best fit line (determined using a linear
regression model in the program of Excel) represented the reaction order.
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Results and discussion
Thermolability ofascorbic acid in aqueous solution
AA solutions were prepared at different concentrations and heated for 30 min. The pH
values of25, 50, 100, 200 and 400 pig/mLAA solutions were initially 4.2, 4.1, 3.9, 3.7
and 3.5, respectively, and these values did not change after heating. Figure 1-1 shows the
changes in AA and DHAA. As shown in Fig. I-1(a), AA levels decreased in accordance
with heating time at all concentrations of AA. DHAA was detected within 10 min, and
thereafter the ratio of DHAA to AAwas less than 5%, indicating that DHAA did not
accumulate. Accordingly, the residual level of AA could be used as a marker for
estimating its stability under heating in boiling water. Based on experimental data,
reaction order for AA loss under the present heating condition was determined. A plot of
the natural logarithm of remaining ratio of AA versus time gave a straight line (Fig. 1-1
(b)). Similar lines were given in other initial concentration of AA. Consequently, the
degradation of AA in the reaction system could be first-order reaction. The kinetic
constants (x 10-/min) forAAloss were as follows: 25 μg/mL, 5.79; 50 μg/mL, 2.03;
100 μg/mL, 0.74; 200 μg/mL, 0.49; 400 μg/mL, 0.28. The absolute amounts of AA
decrease during 30 min heating were almost commensurate (40 - 60 μg under the
conditions of this study) at all concentrations of AA. When the reaction was carried out
using a glass tube without a screw cap, the result obtained was similar to that with a cap.
This is probably because anaerobic conditions were maintained in boiling water either
with or without a cap. The level of oxygen dissolved at 26 -C under our experimental
conditions was 5.6 mg/L. When a sample solution was flushed continuously with argon
for 1 min, the argon-treated solution was more stable than the untreated one (data not
shown). In addition, the rate of AA degradation in different experimental systems was
shown to increase in the presence of oxygen (3, 5, 16). These results suggested that
initially dissolved oxygen is one of main factors affecting the stability of AA solutions
during heating at 100 ℃.
Effects of seasonings on the stability ofAA
Several kinds of seasoning were added to AA solutions (100 ng/mL), and the effect of
the seasoning on the heat stability ofAAwas estimated. Figure 1-2 shows the time course
of AA decrease in the presence of each seasoning. Heating of AA in the absence of any
seasoning was used as a control. The remaining percentage of AA in the presence of sake
was similar to that of AA alone, indicating that sake has little effect on AA stability (Fig.
1-2 (A)). In addition, neither sweet sake (mirin) (Fig. I-2(B)) nor sucrose (data not shown)
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affected AA stability.
The addition of soy sauce (light soy sauce) to AA solution accelerated AA degradation
in the initial stages of heating within 5 min (Fig. 1-2 (C)). The degradation was dependent
on the concentration of soy sauce. After 10 min heating, the remaining percentage of AA
did not change further for up to 30 min. When another soy sauce, dark soy sauce, was
added to AA solution, the results obtained were similar to those obtained with the light
one (data not shown).
When light colored miso (fermented soybean paste) was added to AA solution, the
decrease pattern of AA was similar to that obtained with soy sauce (Fig. 1-2 (D)).
Addition of different colored- (dark or white) miso also affected AA stability in the same
way as described above. In these experiments, the pH value of AA alone as a control was
4. However, the pH values inAAsolutions with 1 - 16% soy sauce and 1 - 20% miso
were 4.8 - 5.0 and 5.0 - 5.3, respectively. Since the pH difference might be involved in
the seasoning-induced accelerated degradation of AA , the effect of pH on AA stability
was further examined and is described in the next section. Addition of broth powder from
skipjack resulted in a decrease pattern similar to that of soy sauce or miso (Fig. 1-2 (E)).
In contrast, the addition of salt, in the form of sodium chloride, stabilized AA. After 30
min heating, the residual level of AA in the presence of 0.1 - 5% NaCl was significantly
higher than that of AA alone (Fig. 1-2 (F)). Eight percent soy sauce contains about 1%
NaCl and this level of NaCl is sufficient to have a suppressive effect on AA decrease.
However, the soy sauce had an accelerative effect, indicating that, in the decrease ofAA
certain constituents of soy sauce with the accelerative activity overcome the suppression
bysalt.
Kinetic evaluation for AA loss was examined to study effects of seasonings. As shown
in Fig. 1-3, natural log of residual AA concentration was not well correlated with time up
to 30 min when soy sauce or miso was added to AA solution, although a straight line was
given in reaction system of AA alone. The line for the first-order reaction to evaluate
effects of seasonings on AA loss was obtained in the reaction up to 10 min. Table 1-1
shows kinetic constants for AA loss in the presence of each seasoning. The kinetic
evaluation basically supported the results described above. In addition, it is suggested that
AA loss is accelerated and oxygen is rapidly consumed up to 10 min by addition of soy
sauce or miso to AA solution. Consequently it is likely that a reaction mechanism shifts
from aerobic to anaerobic reaction and the forward reactions proceed. The mechanism of
anaerobic degradation of AA has not been fully established (ll).
Table 1-1 also shows the effect of a mixture of seasonings on AA loss (system II).
When salt, soy sauce and broth powder as a mixture were added to the AA solution, the
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residual level of AA was significantly lower than with salt or broth powder alone, and the
mixture of seasonings accelerated AA loss. These results showed that soy sauce affected
AA decrease even in the presence of salt.
Factors affecting AA stability
Our next study focused on the stability of AA at different pHs or in the presence of iron
or oc-amino acids such as glutamate, because this might explain the effect of soy sauce,
miso and broth powder in accelerating the AA decrease. At first, the stability of AA was
examined at different pHs (Fig. 1-4). At pH 4, the residual AAwas approximately 60%
after 30 min heating. AA instability was accompanied by increasing pH, as indicated in
many studies. The stability ofAAwith 8% soy sauce was compared with that of AA in
solution at pH 5. The residual AAlevel with 8% soy sauce decreased after 5 - 10 min and
was significantly lower than that of AA in the absence of soy sauce at pH 5. No
significant difference was observed after 30 min heating. The time course of AA decrease
was different between AA alone and AAwith soy sauce, although the pH values were the
same. These results suggest that the decrease of AA levels by soy sauce was not only due
to the pH value.
We next examined the effect of the iron in soy sauce on AA stability under our
experimental conditions since previous studies have shown that Fe (III) reduced AA in
aqueous solution (17 - 19). In addition, it was reported that high concentration of soy
sauce (50 %) showed the accelerative effect on the decomposition of linoleic acid
hydroperoxide due to iron ions (20). Ferric chloride (FeCl3 ・ 6H2O) was used for the
experiment. The final concentration of iron in the reaction mixture was 1 μg/mL, which is
equivalent to that of 8% soy sauce. As shown in Table 1-2, the residual level of AA in the
presence of iron was significantly lower than that of AA alone as indicated in literature (4,
17 - 20). Although the residual AA level with soy sauce was significantly lower than that
with iron, the iron in soy sauce could be partially involved in the accelerated decrease of
AA.
As the next experiment, sodium glutamate was added to AA solution. According to
standard tables of food composition in Japan, 8% soy sauce contains approximately 0.1%
glutamate. When sodium glutamate (0.01 - 1%) was added to AA solution, the pH value
was 5.1 - 5.4. Accordingly, the pH of the AAsolution as a control was adjusted to pH 5 in
this experiment. As shown in Fig. 1-5, residual AA levels with sodium glutamate
decreased significantly up to 10 min and the decrease pattern was similar to that of soy
sauce, suggesting that AA degradation is affected by the presence of amino acids.
However, in contrast to the effect of soy sauce on AA loss, decrease of AA did not depend
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on the concentration of sodium glutamate. As a next experiment, glycine, alanine or
sodium aspartate was added toAAsolution (pH 5.0) and heated for 10 min. As shown in
Tableト3, the residual level ofAAin the presence of each ammo acid was lower than of
AA alone. However, the decrease of AA did not depend on concentrations of amino acids
examined as well as sodium glutamate, and no significant difference among amino acid
groups was observed. The levels of DHAAwere about 5 - 10% of the initial amount of
AA regardless of concentrations of amino acids. On the other hand, it has been reported
that AA reacts with amino acids or proteins to form brown pigments (21-23). These
findings and our results indicate that ammo acids in seasonings were involved in the
acceleration of AA decrease.
In relation to the stabilizing effect of NaCl on AA decrease, KCl, CaCl2 or MgCl2 was
added to AA solution and heated for 30 mm to determine whether these salts had the
same effect as NaCl on the stability of AA (Table 1-4). The residual level of AA without
salt was 64.9%, while that with salt was significantly higher, about 80%. No significant
difference was observed among the different salt groups. The suppressive mechanism of
salt is not clear, but an ion protective effect associated with the ionic strength of the
solutions may be related to AA stability.
Most seasonings, such as soy sauce and miso, are rich in umami and contain high
amounts of ammo acids and peptides, providing abundant precursors for the Maillard
reaction. The Maillard reaction products formed in soy sauce have antioxidative activity
and could retard oxidative rancidity (24, 25). Concerning effects of amino acids on the
stability of linoleic acid hydroperoxide in the water phase, most amino acids stabilized
hydroperoxides, except for cysteine (26). Conversely, the present study has indicated that,
in addition to iron, ammo acids in soy sauce, miso and broth powder involved in the
acceleration of AA decrease, overcoming any protection conferred by salt. Since soy
sauce or miso consists of a number of components, it is assumed that not a single factor
but two or more factors are involved in AA degradation. At the present time, it is unclear
how or what extent individual components in seasoning participate in AA degradation.
Although the mechanism for the acceleration of AA decrease by amino acids in
seasonings under the heating condition at 100 C has not been clarified, the presence of
ammo acids should be taken into account when considering the levels of AA in soups.
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Fig. I-1 (a) Thennolability of ascorbic acid in aqueous solution.
AA solutions (25 - 400 μg/mL) were heated in a water bath at 100 ℃. After heating for 5,
10 and 30 min, reactions were terminated, and AA and DHAA were analyzed by HPLC as
described in "Materials and Methods". The pH values of 25, 50, 100, 200 and 400 μg/mL
solutions were 4.2, 4.1, 3.9, 3.7 and 3.5, respectively. The amount of AA at the initial
point was taken as 100 % and DHAAwas not detected at that time. Values are mean ±SD
(n=4).
Fig. 1-1 (b) Relationship between heating time and natural logarIthm of
remainmg ratio of AA.
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Fig. 1-2 Stability of ascorbic acid in the presence of seasoning.
AA solution (100 μg/mL) was heated in the presence of seasoning. The final concentration of each
seasoning in the reaction mixture is indicated in the appropriate figure. Data points represent mean,
n = 3 (sake, mirin, and broth powder) or n = 4 (soy sauce, miso, and salt).
(A) sake, (B) mirin (sweet sake), (C) soy sauce, (D) miso, (E) broth powder,のsalt
*: pく0.05 (vs. none)
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Fig. 1-3 Relationship between heating time and natural logarithm of residual AA
concentration in the presence of soy sauce.
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Soy sauce(8%) 5.65′ 0.92
Miso(10%) 4.52 0.83




Soy sauce(4%) 4.33 0.99
Broth powder(0.25%) 1.48 0.89
Salt(0.5%) 0.42 0.89
Mixture) 3.34 0.95
)Kinetic constants were calculated from results (Fig. 2) obtained in 10
mm heating.
)AA (50 μg/mL) was heated for 10 min with or without seasoning(s).
1 soy sauce (4 %), broth powder (0.25 %), and salt (0.5 %)
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Fig. 1-4 Stability of AA in buffer systems at pH 4, 5 or 6 and in 8% soy sauce.
AA solution (100 μg/mL) was heated at different pH to compare with AA stability in 8% soy
sauce. The pH of AA in the presence of soy sauce (8%) was 5. uIe amount of AA atthe initial
point was taken as 100 % and DHAA was not detected at that time. Values are mean ±SD (n
= 5). Different letters indicate significant differences among means at each time point (p.
0.05).
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Table 1-2 Effect of iron on the stability of ascorbic acid
Reaction mixture Residual rate(%)
AA DHAA
AA 89.6± 4.5 0a
AA+FeailVUlμg/mL) 51.9± 3.1 27.9± 0.9
AA+soysauce(8%) 31.8± 14.3 7.4±4.2l
AA (50 μg/mL) was heated for 10 min with Fe (III) or soy sauce. The final
concentration is indicated in parentheses. Results are expressed as the residual
rate ofAAor DHAA(mean ± SD, n = 5). The amount ofAA at the initial point
was taken as 100% and DHAA was not detected. Different superscript letters
indicate significant differences among means in AA or DHAA (p < 0.05).
)Ferric chloride(FeCl3・6H2O)
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Fig. 1-5 Effect of sodium glutamate on the stability of AA.
AA solution (100 μg/mL, pH 5.0) was heated with sodium glutamate.
The concentrations of sodium glutamate added are indicated in the figure.
Values aremean,n = 3 (5 and 10 min) Om = 5 (30min).
C: p<0.05 (vs. none)
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Table 1-3 Effects of amino acids on the stability of ascorbic acid
Reaction mixture Residual rate
AA DHAA
AA 66.3± 5.2一 7.3± 1.3
AA+Glysine(1mM) 42.2± 9.8' 10.4± 2.9
(10mM) 46.2± 9.8a,b 8.4± 2.7
(50mM) 47.3± 12.3a,b 8.3± 4.1
AA 66.3± 5.2; 7.3± 1.3
AA+Alanine(1mM) 47.5± 7.8 6.6± 1.0
(10mM) 38.5± 5.7 5.0± 0.8
(50raM 42.5± 5.6 5.6± 1.7
AA 66.3± 5.2 7.3± 1.3
AA+AspNa^ lmM) 51.0± 6.5 7.7± 0.6
(10mM) 46.3± 9.2 6.0± 2.3
(50mM) 71.5± 17.3 4.7± 1.0
AA 66.3± 5.2; 7.3± 1.3
AA+GluNa2)(lmM) 36.3± 4.2' 6.7± 1.1
(10mM) 43.4± 17.9・ 5.3± 1.8
(50mM 55.3± 5.0a,b 5.4± 1.1
AA (100 μg/mL, pH 5.0) was heated with each amino acid for 10 min. The
final concentration of ammo acid in reaction mixture is indicated in
parentheses. Results are expressed as the residual rate ofAAor DHAA
mean ± SD, n = 3). The amount ofAAat the initial point was taken as
100% and DHAA was not detected. Different superscript letters indicate
significant differences in each amino acid group (p < 0.05). 1) Sodiun
aspartate, )Sodium glutamate
Table 1-4 Effect of vanous salts on the stability of ascorbic acid






AA (50 μg/mL) was heated for 30 min in the presence or absence of each salt.
The final concentration of salt was 1%. Results are expressed as the residual
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Changes in vitamin C content of potato during cooking processes
- Description concerning cooking properties of potato in textbooks of home economics,
and re-evaluation of content of vitamin C using a cooking model system一
岸田恵津*新田文**田中麻衣子***








ドロアスコルビン酸(DHAA)を特異的に分別定量できるポストカラムHPLC (high performance liquid chromatography)
により評価した。なおAAとDHAAを合わせてVCとした。冷却貯蔵の影響を調べるために、ジャガイモを1個体のまま5℃
で保存すると、 1週間後まではもとのAAレベルが維持されていたが、その後徐々に減少し、 8週間後の残存率は約40%で
あったo 「煮る」 「焼く」 「電子レンジ加熱」で加熱した後のAAの残存率を比較すると、 「煮る」では70% (10分)、 50% (20





















































































































































































紀載項 目 小学校 中学校 商等学校
A B A B C D
ジャガイモについて





炭水化物 ○ ○ ○ ○ ○







食物繊維 ○ ○ ○ ○
ソラニン ○
体に審になる成分 ○ ○
その他 一年中手に入 りやすい ○
塀理 しやすい ○
選ぷ観点 ○
変色を防 ぐ方法 ○ ○




























































































Fig.1 Changes in vitamin C content of potato during
storage at 5℃
The amount of total VC (AA + DHAA) at the initial
point was taken as 100%.
Results are expressed as the mean ±SD (n=6).

































































Fig.2 Changes in vitamin C content of potato during
soaking in distilled water at 25℃
The amount of total VC (AA + DHAA) at the initial
point was taken as 100%.
Results are expressed as the mean ±SD (n=3).
**, p<0.05 (vs. Total VC at time 0)









The amoun of AA in raw potatoes was taken as 100 %.
DIlAA was not detected in raw potatoes used m the present
study. Results are expressed as the mean ± SD (n-4).












































Fig.3 Changes in vitamin C content of potato during heating in boiling water.
(A) Effect of heating time and soy sauce (8%) and suger (5%) on VC in potato and the soup. The amount of
total VC (AA + DHAA) of raw potatoes was taken as 100%. However DHAA was not detected in raw
potatoes used in the present study. Results are expressed as the mean ±SD (n=3). **, p<0.01 *, p<0.05
(B) Effect of soy sauce (8%) and suger (5%) on VC in potato and the soup. Potatoes were heated in boiling
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Human monocytic U937 cellsは、ヒューマンサイエンス研究資源バンク(大阪)
から得た。
2-2.アポトーシスの誘導と評価方法
細胞(2× 106 cells/ml)を1時間前培養した後、 TNF (0.5 or2ng/ml)とシクロヘキ
-31-
































































Fig. II-1 Dose-dependent eflects of antioxidants on TNF-induced apoptosis
(A) (B) Cells (2 x 106 cells/ml) were prewarmed for 1 h and treated with TNF (0.5 or 2 ng/ml)
for 3 h in the presence of NAC (A) or 2-ME (B). (C) (D) Cells (9 x 105 cells/ml) were incubated
with VE (C), BHT or BHA (D) for 24 h. After the incubation, cells were washed, suspended in
culture medium (2 x 106 cells/ml) and prewarmed for 1 h. Apoptosis was induced with TNF (0.5
or 2 ng/ml) for3 h.
The percentage of inhibition rate was determined as described in the text. Values are mean ±
SD. Asterisks indicate significantly different from no antioxidant supplementation. * *, p < 0.01;
C,p<0.05
-35-
Fig. D-2 GSH levels in cells treated with antioxidants in the course ofTNF stimulation
(A) (B) (C) Cells (4 x 106 cells/ml) were preincubated for 1 h. After the preincubation, cells were treated with
TNF (0.5 or 2 ng/ml) in the presence of5 mM NAC (B) or5 mM 2-ME (C), or in the absence of any
antioxidant (A).
(D)(E) (F) A stock of VE or BHT was prepared in ethanol and the final concentration of ethanol was 0.25 %.
Cells (9 x 105 cells/ml) were incubated with 0.25 % ethanol (D), 0.5 mM VE (E) or 50 μM BHT (F) for24 h.
After the incubation, cells were washed, suspended in culture medium (4 x 10U cells/ml), and preincubated for
1 h. Apoptosis was induced with TNF (0.5 or 2 ng/ml).
The GSH level of vehicle in the absence of antioxidant was taken as a control (100 %). Results are expressed
percentage of time-matched control and are means ± SD・
■, TNF 0.5 ng/ml; ○, TNF 2ng/ml; △, vehicle.




































NAC 0.5 49.2±0.4 46.3±19.2
2 3.8±2.0 44.0±3.0
2-ME 0.5 52.4±10.8 59.3±7.2
2 44.7±8.3 60.0±2.1
Cells (2 x 106 cells/ml) were preincubated for 1 h. )After the preincubation, NAC (5 mM) or 2-ME (5
mM) was added to the culture medium, and shortly thereafter cells were treated with TNF for 3 h.
)After the preincubation, cells were pretreated with NAC or 2-ME for 90 min followed by the
treatment with TNF for 3 h.
p <0.05 (vs. 0 min)




0 100 1.0±0.3 20.0±2.6(100) 39.2±1.9(100)
1 75.0±4.5 0.9±0.5 27.6±2.9a(141) 40.1±0.7(103)
5 51.9±3.7 1.0±0.2 27.3±1.2b(138) 44.8±6.1(115)
25 19.9±2.7 0.4±0.3 27.4±2.9a(142) 44.3±2.0(115)
Cells (1 x 106 cells/ml) were incubated with BSO for 24 h, and then treated with TNF for 3 h.
1) GSH level in cells after the BSO treatment
p < 0.01, b p < 0.05 (vs. without BSO)
-38-


















が認められず、 TNF刺激によるGSHの減少も見られなかった。 VE、 BHT
の溶媒として使用したエタノール(最終濃度0.25%)のみを添加した細胞でも
TNF刺激時においてGSH量が減少しなかった。 GSHレベルは、エタノール
添加によりその変動が押さえられ、 TNF刺激の影響を受けなくなったもの
と思われる。
(5) GSH合成阻害剤BSOを1μM添加した細胞は、 TNF刺激(0.5ng/ml)による
アポトーシスを増加させたが、より高濃度のBSOによりGSHレベルを更
に減少させても、アポトーシスの割合は増加しなかった。
以上のことより、抗酸化物質によるアポトーシスの抑制効果と細胞内GSH
レベルとは弱い相関にあるが、すべての抑制効果をGSHレベルの上昇によっ
ては説明できないことがわかった。
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